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A ngomufarjmal descnpion of tie intended behaviour ofa
coaFasioatenninokgy, a 't generain' system, enables
poewrfil seranc pncessmg technqus to airt in the
builng of a loge temniology. Use of an intndie
epnsentdon derivedfirm such afajbisn, butdsnpl ied to
resnble a 'secondgeneratin' systen, enablesaos to &wk
in an sin yklerandmorfwmliar enviroment, awidingmmy of
the technicalcoplcationsofthe 'hdgenraio' system

NI'RODUCION

Deleles of amf 0dies ically d d ir
m ical puer appcOns ae ie y expng
alentvsto the euravetechiniquies emoidby

traditional es swh as ICD1 c READ versica 1 cr 2.
The s y sdh is limited by whether

trmindcgies ssch as SNOMED2, and many cundtly in
develqpent (e.g DICOM SNOMED Mcrcglosay,
LOINC, ICNP 3, READ 3.14), have adopted cx anp nal
tediqus:iis chieved by fashi
de &Aponfrn sutrdcl ctins maebasic tm

However, cle ity. a acO
clinica reqrement is for sets cfhighy deid tms in a

ilar spdalised mi s 1ain - pehaps ii
rsearih raut puposes. Users i enu saie es
must eitdr walt fir than to be included in the next major
central revison a (mae maily) m ad hoc loa
additions. A conioitnal s e enables
exsensn, bmaking new coxmpositions

Europe s isatio wrk reflects this moe to
o-poitional tecniqueS. Tle anCI nmit vfr
Standardisaticn (CEN) hasp x d several staads and
pre-salards fdlwing ENV 122645, itf a pretandad
far presentngt- mind ies as asnntic

Estig a are tmed 'first enat'
ta ndcg systems by Rosi Mcd' In his study cf

Ipoitinal sc sin deement he iden far
nm c s: a categorial stcture, a cross-
thesavrw, a family of listu and a bwkedge base of
&ections. Sytems whe al faor npoets are ell
d-l - Rossi Moi's 'secod g ra ' -acqre new
cbies cfasenicpr .

However, Ro&i Mri notes that develcping the four
c o t and the lting must be an iteatv

process. Furthe, develqment ci one et cien
canplements, bit may also depend upon, development cf
anher. 1These may inidally be exr as a
set cf anually applied rules and ccks. Eowever, as the
sstm and its become y mat
coniplex, it cases to be e to maintain lintery cr
cencethragh human processip alone.

prss ~~~iizes fama -adc of the
n's in Wbeavkr and a e= gine

im gme fintibdh. Syns gw- six an
-what Rossi-Mci tes 'ird a ' tems -

csain and guide all usint acding to the
frmalim F hrdts o se Fa
powr are gained, but knowd au ng mae

andg: the scheme, its terms and the f al
bcane90soin t as to be areandthe
Whde c es y a piece cf sdlware with
nfamiliar added oplexity fcr authirs. This paper
desc s ant ap which allows athcrs to use a

plified 'inlamaliat ' reseing famili
'ndv J o "ms while sU reanig te fifl
powr cfa 'tird a ' systm

GALEN-IN-USE

GALEN-IN-USE is a Euroean Union funded project to
develcp tools and methods to in the cilabiratv

pxre cs ats The results frn the ows
GALEN pet - the GRAIL falisn7, GALEN
Cnmon ReNeneMolel (CRM)O, Le
Ontdlo' and Termindcgy Servers"2 - ar prmkwing 'dird
~eration' system9s upf1rfirthis task

Taking part in the inial are fk national coding and
cdassiiation cetres: WCC (Netrlnds), SF1RI(Sweden),
CNR taly) and University of Ste. Eti (France). Duing
the pje ual re tatis f se 15,000
individual surgk~al procdues will be proded using the
GRAIL f i andintedinto the dsing GALEN

monRe Mo&W79JO'

GAENand CEN ENV 1828
Ihe rationhip between GALEN and 'sod gration
s ilsated the GALEN ap ch to CEN

ENV 1828'3, a presdard a canpsal
stnre fr clfications csu pru Te CEN
schema (figure 1) reflects the way the tems are used in
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1: CENENV 1828 shema for s pr

l1nguage. Our e has bee at a ccxicept-al model
has sighdy dt4t e 4 GALENs schema
must both supprt a a dassificann and also
intgrate wi an exsing model which permits indefinite
nesng iofanatnical lca(iI T i
trt ts are illustraed by the GALEN inIFetatioen cf
the sectia in thenmaivepartcfENV 1828 which states:
'A surgicalprocedure must have mutomy either as a direct
or an indirect object.

Witdin the GALEN cQnmai Rece Model (CRM),
neit r the indirect na the die objet is link directly to
the prdur.Is, tdir objed is always linkd to
thesrc deed i
w(chacsn e Neco.

epresses theni cf 'excsn ia kidney cyst'. Howver,
in the Qnma Renc Model w are able to slise
[cyst] toitsl:

(cyt W 1Y&- KX* e lvyy
If the CEN sdhema e fdld thedt tai
meshanisms in GRAIL could not prevent t c cf
obviwsly nasense i s si as 'removal cf a
renal cys the foot':

(F)n
- (aOb )-[(W-aw"cat-(KdW)
- O(-(Fot)

In the MCR , e ind objed is attseed
inirectly tothe d via the direct object. thus:

A mae significt di in treatments n the (Piw an (Cystwhhad-f KiC).
indirect object In the (INscheme: Tbes changes result in a basic GALENfcir
(&upar s:)*) sga re es (figure 2). This hasb e t been

-w7t) -(SuveE, FMDe aded toinceaseeivi and to intgrat itWih the
~(/~(P&W. Q rtofciteGALEnma eM (figre 3).

-Fr3xdG*:)-(AnLy: helou)
Fwr 3:EXJdGALEN nafc sugia TS
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ANINIERMEDIATERE EATON

GRAI1, the GALEN epa on lan , is nsarily
coniplex - as waild be any oter 'third gneratio'
re~setaaIon. trthe GALEN-IN-USE prject, mae than
20 dinicians W=rewi aadoss fair cxntries top m
the analysis cf inal sual ure code runics into

repre s. However, few had any prixr
expeniene CfGRAIL cr the Cm Ree Model.

To cumvent his p we devised an intm e
representatioaln nearer to a 'se d eratio' sYtm. it is
strecually simplr than GRAL, but may su y be
tnaticay ded into GRAIL This epansion is

possible becas the desgn Cf the iemeiate
reprentati deliberately eches that Cf the mComo
R ce ModeL Pr empl, the s fc srgical
procedue in intrmediate ni is a systemaic
simplificail f the carsoding erteded GALEN
schema. This enabs au ic 'd-simpliffatio' to occur
when the disctns are e ad intoGRAIL Rogers has
descibed this i roness 6 and theGALEN sdfware
tools (IGGER and ') whic pprt it

The i meiate reeetatio is Iroadly similar to de
used by the CANON grapp cr the MED.'7] 0 It is
charcterisedwby.

* a grammar d g a la r 'tplate', fw ell-
fiomed resenatains

* a r vely small set Cf smntic lin (ACTS-ON,
IS_PARIOF), opred to the GALEN CRM

* a d notoly specfic to the gical dm . The
atnic tems (leg, eoung r etc.) are knmo as
'desriptrs' and are expliciidy tqed by oe Cf a small
numnber Cfdsripia (e.& anatoy deed, lesion);

* asllset ofaintsto trd which inks may be
used with which deriprcs .

Donain experts in the centres wcrk fn existing loal
coding scenes (WCC, NCSP etc.) to scoe their task
Ruii frn thse nies are manually analysed to give,
inially, a natural lanae praprase Cf what the exp
belies the rulic meams. A c eual repetato C
ewlh suh parapra s then prodied usng the
intermediate repstaion. The rsult cf this two-step
analysis is called a 'dissection' Cf the rubric. Each di n
has a header secta which ot infimatin about the

naric and coding sheme. This is fdlowed by the
conceptual representation itself, inr ed by the MAIN
lkywcrdc mntiC links are alised desciptas are in
lower case. Below is an example Cfaconpletd diio:

RUBRIC"keond i isalost cbrforchrn--"
PARAPHRASE kra di is cost cahe in p sp

SOURCE MCZC'CODE '4.O04"
MAIJN irwt

ACTS ONca
HAS APPFOACHiiscos roLte
HAS DES1INATION spW

MOTIVATED OVERALL BYckrir
ACT ONa*sti

TMS CATIONTOe

A GRAILeas fthis i is anatically
generated (below). The pan algdthm es t
the pimitive s and links in the inmiate
representation are gn ot ndta to
primitive x l i anld es in the
Ccxmonal R.eference Model, asd9 byRntgm16

The ALE neneitrejxhuoksenat is siilr o

'secnd enrti'sytm Hoeveriteslsfna

w~~~~RleSriaRl

geeatsCion'RonunLagvesyste.Ifsitasarknweg
authing procMes whdisstil oallowng 'thidgneraion

eChiquDstoC b expkitdto cUdemaintain adevliat

ADDE VAU F )AE

The GALEpuan,uliael,deie ison usimlrs.oFar
technques,not pplicbleHo'eonveeratinrsystes ar
t atir-antherifingprocess: d

rautonriatedgandladynmicr clsiiain Cfcfanposit

* AniueStobaedmantnac &Cffiedknwldg adatase
nuonite gnrtion f natural language

toteWaedey r dmna

toou
AAA P f b bIi n

tma-dadi)a) mi(ccpdi
A d PB
A wan( ffxdl)wetb
Ae X M 1

aticsmlfimc ofnat'iral rmai m s
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Diffa~nt amthcrs, anal nngthe meruis, di
dfee de ii diffelrnces divide into those
which are mantically eqiivalet the semanticaly
dive nt a thoe which present s errrs. The

ef iais into GRAL provids sveral
difent stges at which Is i can ao r. Rr
example, dc semantc equvalenc sh as
varying e latin may be autlatically n alised. A
separatemechanism retsmanysemaniCerrs:

NamaIiing varying e in the rubric
'excisic of lobe c lg', oe athr may mine that
{ktbe flng is an jximitis riptr, whilst
anothe may choose to ci-pose it into (lobe
IS PART OF lung). The expasiai into GRAIL
n alises boh inw.

becase (ifthe fclloing previasy d red ma

Desaipt/rTUink GRAILM g
lobe cfln Ltoe which iscdiiinfLung
lobe Lobe
hig ng
IS PART OF isSoidDivisinOf

Rejfing semantic error: The interndate
includes emly i dsraints n which e s may
beob in d wth h lins The CRM ins a
set c caints whih are brought to bear when a
dissectx is ex d into GRAIL and when an
is e ttot giefor cdassikain Thus f i
ACIS_ON ep is rpnitled in the i eate
representatian, bitrjt at the GRAILe n st.

Semani divergence: Di i pmi beln
exprts r ing what ruics acully mean must an
prole s fir the exper to resl. Heer, the odr
tecniqe discussdhbet e to assist the dckain
experts in iDe gw theydonot agre

GRAIL s c the t ar autcfnatially
clas dig to the ci the GRAIL
irmalism. KEdg already p in te CRM affects
hfis dassicak forxampl, 'O in on the Heart'
subsumes 'Repair of Mitral Valve' bec anatny
model already knws the mitralvaleis partcithe heart

Where a dissecticii has not been clasified as e the
task is to identiy why. With the 'noLse' cf semantic
equivalene removed du n alis , thre ainig
causes are smnc div , and aisos r errors m

the pe sing knowle base. Autanated analysis,
gxxrding to the fomal m f the reathipn b
a s i calsan anser q ass as

'why is this classified he?' and 'what shaild I chan to
have itcas d the?'.

Autati ciassiflca further ensmes that the twin
hierarchies af deeds and cithe objects they act en
must inevitably be exacdy parallel, sinc oe is deived
fomally fron the oher. ntaining tlis 'p lelism' is
presently canmenly u~taken manually min othe 'seomd
genratin' sysns, (e.g. e READ 3.1 Thesaurs).

Maintenam~cfthehwwlededtabs
To hdd a fixed fom cf the knowledg base, local
implem taiis c citiaal stm may need to
instantiae 'artef' as vll as the otias
orignally prvided by auhors. This might be ne sary to
fit the knowld base withn a p cular E t data
strir, (as ous in the READ 3.1 Thesaru) or to

nmie acdasificatien re algc im.

In a GALEN ysm knowledge authng is dcapled
frcn any pr irimp t cifthe knole base.
The local nplentatia det i3es for what it needs
to instatiate, nd is able to expt the knowledge base to
odr implentatais w e the req s for
instantiated cauIcepts maybediit

Aiant cGe,M tkdMofNabral Languge
Early ets p ided the dissi authors with a
display cf thei aginal h rubics, ordered into a
hieraithy accoding to the autnatic dassiatien ci the
GRAIL epansi Howev, the aiginal ruii is not
always a sa y py for the disti itself. The
mntic informatin whic directly demines the

classiicatio is hid id g the cmse cf an
inapprepriate fran this taalten is
not possibe. Similarly, browsing t hie cy the
GRAIL s t es displays too mlEh
infaniaticm, in tooabact a form, tobedirey usefl.

GALEN toos can gerate fran a GRAIL ositien a
natural lange sring whih reflects the smanti cf that
c pitia2 Browsing hieraefs these string, in an
ediig envciremt which links them directy to their
iginatng ruics, disectis or GRAIL expnsias, is

expected toform apoerful Quality Assurane tool.

RESULTS ANDFUITUREDEVELOPMENMS

Mme thn 3000 original nrics, in the fieds o
arthq,dics, ury, cardidog and have
so far been died usng the inmediate rpesentatieo.
The have bl y b exde into GRAIL and
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classiied tihin the (m ModeL
Ge ficatef Natural Language rases fr the reults is
now possbl in for r languages, thcgh the
lexicais awe not yt ole. F e e s will
examinedefiveing the crpus to the cets as

either a fst scd r third a system secrding to
local eirent

CONCLUJSION

bird Onerai' sYSts suh as GALEN, ae
advanced ~nantic peocessing ;tedmkpt. We have shown
the ad vahle of stohe build large and
cdaeient terniind~ies. Ikbver, aaingnopri Ial
icupes- iais direly in a fmalism sxh as GRAIL is
iniccea g ande specWial dk

An tmfia i rer-et_ati can Xipbt~e h
genaticas 'third d' s advantags cn be
gained whil auh effrt nains o to that
ruie f 'secxdg a*kxi SYStems. sting stadards
can be dradpeto sppcrt this activit A
lrer(pJsLteis an autanc tansfirmatim beven this
rejresenatiai amd die ralisXm d betwen the

alism and natural languag.
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